Review quality of life (QOL) concepts and most common instruments to be used in patients with head and neck cancer, as well as the potential benefits and limitations of information derived from QOL studies.
INTRODUCTION
Since the middle of last century, when the WHO extended the definition of health beyond 'absence of disease or infirmity' to include 'a state of physical, mental and social well being', there has been an increasing interest to study topics related to the functional, psychological and social aspects of individuals, and many of these concepts are related to what we now call quality of life (QOL) [1, 2] . Currently, QOL evaluation has been recognized as an important outcome measure in medicine, mainly in chronic disease scenarios.
The evaluation of the QOL in patients with cancer is essential, considering not only the chronic nature of the disease but also the psychological impact of the disease and the treatment on the individual since its diagnosis, which also ends up being reflected in the familial, social and professional life.
Head and neck cancer is a worldwide public health problem, mainly in developing countries where most cases are diagnosed at advanced stages. In such patients, despite the use of more aggressive and multimodal treatment approaches and better reconstruction and multidisciplinary reahabilitation care, the treatment can result in significant aesthetic and functional sequelae as well as in a poor survival rate [3] .
Patients with malignant head and neck neoplasms, because of the location, stage and treatment of these lesions, can present changes in some vital functions as chewing, swallowing, speech, appearance, as well as loss of taste, chronic pain in the shoulder, among others. As a consequence, these sequelae can alter important functions related to the feeding, communication and social interaction of individuals, which may affect their self-esteem, limit their activities and their capacity for work and restrict the relations of individuals with their relatives and friends, usually resulting in a negative impact on the QOL of these patients [3, 4] .
In addition to these factors, with recent advances in the diagnostic procedures, advances in surgery (mainly related to less invasive techniques such as robotic and endoscopic approaches and improvements in microvascular reconstruction), advances in radiation and chemotherapy options, we currently have different therapeutic modalities for the treatment of some tumor subsets, with expectation of similar survival rates but with different functional and aesthetic results. This makes QOL assessment in such individuals a useful tool to help in the planning of treatment strategy. A practical example would be the treatment of patients with initial glottic tumors, where exclusive radiotherapy, open partial laryngectomies or the endoscopic surgical approaches with laser are all valid and feasible options with similar curative potential but can generate different functional as well as different aesthetic results.
In this context, evaluation of QOL is an important tool for understanding the impact of the head and neck cancer and its treatment on the patient's life, as well as it could be a valuable tool to better plan the treatment and rehabilitation strategies [3,4,5 && ,6].
QUALITY OF LIFE DEFINITION AND ROLE
There are various difficulties involved in QOL studies. First, despite numerous studies, there is still no universally accepted definition of QoL. According to the WHO, QoL is defined as 'the individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals' [7] . This concept was well defined by Morton and Izzard [8] defining QOL as the 'perceived discrepancy between the reality of what a person has and the concept of what the person wants, needs, or expects'. However, as several factors associated with QOL are not directly related to health and medical conditions, QOL studies in medicine usually are focused on aspects associated with the effect of a disease and its treatment on patient's live, known as health-related QOL (HRQOL) [9 && ]. The role of QOL assessment in patients with head and neck cancer (HNC) is linked to several important aspects related to treatment decision, physical and functional rehabilitation directioning, social and emotional support and in the evaluation of treatment outcomes. Such evaluation can also play a role as primary or secondary outcome measure of clinical trials [3,4,5 && ]. In many clinical situations, when there is a clear tumor control and survival difference in favor of one treatment, it must be the treatment of choice, in spite of the risk of functional and aesthetical sequelae. Several approaches using reconstructive methods and multidisciplinary care must be used aiming to reduce the undesirable treatment consequences. So, in this situation, QoL does not influence treatment decision, but it stimulates the creativity for new rehabilitation methods. On the contrary, results of QOL evaluation in HNC patients in the treatment decision-making process can be considered as a major role when two different treatments have similar chance of cure but have different QOL outcomes and also in noncurative (palliation) treatment consideration [10] . We can also list some areas where information derived from QOL studies could change treatment planning: the use of Intensity Modulated Radiaton Therapy, organ-preservation scenarios, HPVþ-related oropharyngeal cancer, neck dissection, minimally invasive approaches, reconstruction after major surgeries and directing supportive management after treatment [4,5 && ,10]. In summary, information achieved by QOL studies can help identify and better describe the effects of the disease and its treatment on patients' lives. It can also result in changes in therapeutic, rehabilitation and social support procedures, as well as assisting the physician and patient in the therapeutic decision. An important issue is that QOL assessment is based on what is important and matters to patients, and provides evidence-based information that can be used to improve the quality of healthcare practices [11] .
HOW TO EVALUATE QUALITY OF LIFE: GENERAL CONSIDERATIONS
There are several methods to evaluate QOL in HNC patients. Qualitative approaches such as
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semistructured interviews provide the opportunity for a better understanding of patient experience, but usually are more demanding and time-consuming, and the results tend to be descriptive. The majority of QOL studies are performed through the application of specific questionnaires, developed for this purpose. In most cases, the development of these questionnaires usually includes a commission of specialists in the area, some of them include patient participation, following internationally established methodology to guarantee their psychometric properties [9 && ,12] . Generally, QOL assessment questionnaires are composed of several questions with response options that may be 'YES-NO', response categories on scales (ranging from 3 to 7 options or pointsLikert scales) or visual analogue scales. These issues are aggregated into 'domains' or 'dimensions', together with a global QOL score. It is important to attempt to identify scores that reflect a clinically meaningful difference in QOL outcome. This might be different to scores that reach statistical significance. For example, a 10-point difference in the subscales of the University of Washington (UW-QOL) is deemed to imply clinical importance [9 && ]. This is essential when considering how to best interpret and implement the results of such studies into clinical daily practice [13] . The results of the obtained scores should preferably be reported in a format that may be clinically relevant and easy to understand. In general, one can interpret the results by comparing them with values called 'anchors', that is by comparing the scores of patients with different objective functional states ('anchors') (e.g. patients who have a full oral diet usually have an 'x' score, and those who eat exclusively with liquids have a 'y' score; tracheostomized patients usually have 'z' scores and so on), or interpret the results by statistical calculations based on the distribution of values, also called minimal clinically important difference [14] .
In general, QOL questionnaires can be divided into three groups: generic questionnaires, diseasespecific questionnaires and symptom or treatmentspecific questionnaires. Generic questionnaires aim to assess the QOL of individuals independent of the disease in question, providing an overall assessment of the patient's functional status and well being. Disease-specific questionnaires are designed to evaluate the QoL related to the main aspects that may be being altered specifically by a particular disease and its treatment. Symptom or treatmentspecific questionnaires are designed to assess the QOL related to a specific symptom or specific treatment modality. Disease-specific questionnaires are considered to be more precise, less influenced by comorbidities and more sensitive to clinical changes over time [9 && ,13] . A combination of global evaluation and a head and neck specific or functional questionnaire gives a broader reflection of patientreported outcome. However, such evaluations would be considered long, costly and could overburden the individuals making it difficult to be accepted and used in daily practice.
Thus, the evaluation of QOL in patients with head and neck cancer is usually performed through the application of specific questionnaires, being considered an effective method to evaluate the therapeutic results regarding the physical, functional and psychosocial aspects. The choice of such instrument should be hypothesis driven, fitting the study's purpose.
INSTRUMENTS FOR QUALITY OF LIFE EVALUATION IN HNC PATIENTS
Several questionnaires have already been proposed to evaluate the QOL in the population of patients with head and neck cancer. Although there is no gold-standard instrument, several authors recommend that the ideal instrument should be short, concise, easy to understand, self-applied by patients to reduce health professional interference, have low cost, minimum expenditure of time for completion and that has its psychometric validation criteria well established. The questionnaires most commonly used to assess QoL in patients with head and neck cancer were the EORTC QLQ-H & N35 questionnaires, followed by the (UW-QOL) and FACT-H&N [9 && ,13] . Handle on QOL is a unique online searchable database of all articles published from 1982 to present on QoL in head and neck cancer that have used questionnaires http://www.handle-on-qol.-com/Index.aspx. The site has over 1325 articles and reveals that over 250 different questionnaires have been used in studies reported QOL in head and neck cancer. This emphasizes the complexity of the potential multiple influences in QOL following HNC, the challenges of such assessment and the scope for further research. In a systematic review publication about QOL instruments used in HNC patients, the authors identified that in 710 articles selected for the review, there were a total of 57 different QOL instruments used Table 1 [13, . Such an article highlighted the questionnaires available to be used in HNC patients, and subdivided the instruments into three groups to facilitate the selection for future studies: site (head and neck)-specific, treatment-specific and symptom-specific survey instruments. Examples of treatment-specific measures include: QOL radiation therapy index, the Neck Dissection Impairment Index and the Shoulder Pain and Disability Index. Examples of symptom-specific measures include: MD Anderson Dysphagia Inventory, the Xerostomia Questionnaire, Voice Handicap Index and the Derriford Appearance Scale (DAS-24).
Given the complexity of QOL evaluation and the many physical, functional and emotional elements that can be affected by HNC, there will never be one questionnaire most suited to QOL reporting. The selection of questionnaires to be used in future studies of HNC patients should be based on several aspects, including hypothesis being tested (study objectives), questionnaire properties and the potential benefits of combining different measures.
Even with this broad range of instruments, because of the complexity of HNC treatment and its potential physical, functional and emotional impairment, there are still areas of study not covered by the current questionnaires. Also, with the development of new treatment strategies and new treatment options, questionnaire modifications can be necessary, as the revised version of EORTC QLQ-H&N35 which included items related to skin toxicities that could be found in patients submitted to targeted therapy [5
&& ]. In the Table 1 , there is a list of most QOL instruments used in patients with head and neck cancer.
LIMITATIONS AND CHALLENGES IN QUALITY OF LIFE STUDIES
There are several limitations to be overcome in the QOL research. There are restrictions inherent in patient-reported outcomes assessment, notably response shift, adaption, dropout/responder bias and the wording and scoring of the questionnaires themselves. There is limitation in pooled data from different studies. Pooled data should enhance statistical power to identify differences when sub stratification by patient characteristics. Also, it allows meaningful comparisons across different treatment strategies and among different populations. This limitation is usually a result of different methodologies utilized in the different published series, with different instruments, as well as because of differences in baseline data, mainly regarded to nonclear information about comorbidities and social habits, no clear methods of data collection and dropout rates and differences in treatment approaches.
Another limitation for comparison among different publications is the heterogeneous populations with limited number of patients included, mainly because of the lack of multiinstitutional collaboration for QOL studies, reducing the number of participants which results in less robust conclusions.
It is important to note that cultural differences among populations living in different countries make general comparisons of results difficult to be understood. In this scenario, there is the necessity of [15] Functional Assessment of Cancer Therapy -Head and Neck Subscale [16] University of Washington HNC Questionnaire [17] Performance Status Scale for H&N Cancer [18] H&N Oncology Health Status Assessment [19] Function or symptom-specific instruments Appearance/disfigurement
Derriford Appearance Scale 59 [20] Derriford Appearance Scale 24 [21] Chewing/oral rehabilitation
The Liverpool Oral Rehabilitation Questionnaire [22] Mucositis Oral Mucositis Daily Questionnaire [23] Oropharyngeal Mucositis Quality of Life Scale [24] Speech Self-Evaluation of Communication Experiences after Laryngectomy [25] Speech Handicap Index [26] Voice Handicap Index [27] Voice Symptom Scale [28] VRQOL [29] Voice Prosthesis Questionnaire [30] Swallowing Dysphagia Handicap Index [31] MD Anderson Dysphagia Inventory [32] Sydney Swallow Questionnaire [33] Swallowing Quality of Life Measure [34] Shoulder The Neck Dissection Impairment Index [35] Shoulder Disability Questionnaire [36] Disability of the Arm, Shoulder and Hand Questionnaire [37] Trismus Gothenburg Trismus Questionnaire [38] Xerostomia Groningen Radiotherapy-Induced Xerostomia Questionnaire [39] Xerostomia-Related Quality of Life Scale [40] Xerostomia Questionnaire (XQ) [41] Xerostomia Inventory (XI) [42] HNC, head and neck cancer.
cross-cultural validation of QOL instruments at different populations and cultures. Also, little is studied regarding the differences in the QOL evaluation among populations from developed and developing countries. In addition to differences related to staging at the time of diagnosis and to therapeutic strategies, religion, beliefs, cultural and social factors, as well as expectations, must also be involved. In addition, the translation of a survey instrument into a second language is necessarily complex to guarantee its psychometric properties. In order to use a questionnaire produced and elaborated in another country, with a different language and culture, a process of translation and cultural adaptation, as well as psychometric validation, is necessary, to obtain a reproducible, valid instrument with reliable results in the new population [43] .
INFORMATION DERIVED FROM QUALITY OF LIFE STUDIES AND CLINICAL PRACTICE
Information derived from QOL studies has the potential to be incorporated in the clinical practice in several scenarios. Such information can be used for improvement in patient-physician relationship, communication and counseling [5 && ,44] . The dissemination of QOL data can better equip patients to actively participate in the medical decisions concerning their care with the potential for improving the quality of care.
Some studies showed that information from QOL instruments can be clinical predictors of prognosis, as well as potential screening and planning tools for clinical care and rehabilitation efforts. QOL measures can be used for assessing the need for further treatment, rehabilitation, relief symptoms, palliative care and social support. Practical examples include long-term complications as pain, depressive symptoms, dysphagia and other issues usually not routinely assessed in the outpatient setting.
The results of QOL studies in patients with HNC can be used in the treatment decision-making process. As described previously by one of the authors (SNR) [10] , HRQOL has a role in treatment decisions when two treatments have a very good chance of cure with equivalent survival outcome but different HRQOL outcomes, when the HRQOL outcome is very poor and when the intention is noncurative -palliation 'QOL remaining time available'. Also, HRQOL can be considered an important additional factor in treatment decisions when there is a meaningful difference in HRQOL between two treatments, but the HRQOL benefit is counter to the expected survival advantage (trade off).
TOOLS TO FACILITATE QUALITY OF LIFE INFORMATION
As a result of the evaluation of QOL, it is possible to present these data in a way that patients and carers can understand. It helps informed decision making, guide realistic expectations of outcome and helps patients to get a better understanding of 'what will I be like' http://www.headandneckcancer.co.uk/For+ patients/What+will+I+be+like.aspx. Although this resource is still in its infancy, there is material available based on the UW-QOL for 26 subgroups which is based on early and late stage disease, site and treatment. In the future, with more data and refinement, this sort of web-based information can become more individualized and part of a holistic patient treatment programme.
Given the huge variation in what patients and their carers would like information on and support with, the other relative new extension to QOL assessment is the inclusion of an HNC-specific item prompt list [20, 45, 46] . This is a list of 56 issues divided into five domains: physical and functional well being, treatment-related concerns, social care and social well being, psychological, emotional and spiritual well being and a free text 'other' section. There is a link between the type and number of items raised on the Patient's Concern Inventory and QOL. The issues that patients wish to talk about can act as a focus for more effective and efficient consultations, more targeted use of information material and better use of support services. Interventions can be based on patient need.
FUTURE PERSPECTIVES
Wider access to the internet, increased availability of mobile phones and enhancements in computer technology will all allow for QOL data to be collected more easily and frequently. It can be tuned to the patients on responses, through computer adaptive technology, so focused at an individual level. Innovations in computing through icons, verbal prompts and patients' choice in the number of items completed will facilitate questionnaire completion even in those with minimum educational and IT experience. Translations of questionnaires will be readily available. Although some lower health economies globally will be reliant on paper QOL questionnaire, more will be able to use computers as a means of reporting. It will become more precise in reflecting the patients QOL outcome and concerns. QOL assessment will be part of the personalized medicine agenda and also the 'big data' initiative of pooled health outcomes informing and shaping evidence-based health strategies. Advances in technology will allow the information to be available quickly and presented in a meaningful way, hence allowing it to be used in real time in clinical care. This will lead to the opportunity for better multiprofessional care and improved QOL outcomes and probably ultimately contribute to improved well being and survival.
CONCLUSION
Information from QOL studies can be useful in several scenarios to improve the quality of care. They can serve as clinical predictors of prognosis, potential screening and planning tools for clinical care and rehabilitation efforts, and be used in the treatment decision-making process. Enhancements in computer technology will allow for QOL data to be used more easily and frequently.
